Introduction
The continuous increase of the transmission capacity demand reveals particularly interesting new modulation and multiplexing techniques targeting at high spectral efficiency (biffdHz) DWDM system. Several approaches to augment the spectral efficiency have been proposed such as vestigial sideband demultiplexing [l] . orthogonal polarisation multiplexing [2] and bandwidth limitation 131. In the meantime, the orthogonal spectrum packaging of electrical carriers has proven its high spectral efficiency and resistance to bansmission channel impairments in its electrical counterpart modulation, OFDM (Orthogonal Frequency Division Multiplexing), The electrical OFDM modulation is implemented using digital inverse Fourier-Transform (FT) operation in the transmitter and straight FT operation in the receiver. This approach can not be performed at the optical domain as digital signal processors are not available at core network line rates.
Optical orthogonal techniques have been proposed to enhance detector performance on heavily crosstalked channels in conventional DWDM channels [4] . In this paper, a novel orthogonal wavelength division multiplexing (0-WDM) modulation using Super-Slrudured Fibre Bragg Gratings as square pulse shaper followed by orthogonally interleaving the corresponding Sinc-function shaped spectrum of each channel is proposed and demonstrated at 10 GbVs. The results show that a significant reduction of the interchannel linear crosstalk penalty compared to conventional Gaussian RZ modulation.
Principle of operation Let us consider an optical transmission system in which the signaling used comprise temporal square (field complex envelope) pulses of r width, this means a sinc-shape spectrum (centered at w = 0 as reference) with deep nulls with separation l;r in transform-limited condition. As discussed later, a proper orthogonal alignment of the WDM channels is achieved if the channel spacing is precisely set to l ;~, as shown in Fig. 1 . In mis case, the linear crosstalk induced from channels at I,, and A,, (interfering channels) on & (channel under study) presents a deep power notch at the Central frequency of wavelength 4. The above applies to all the system wavelengths, leading to evenly spaced deep crosstalk nulls at the Centre wavelength (spectrum points marked 1,in Fig. 1 ) of all the channels. Therefore, the orthogonal wavelength condition results in reducing the crosstalk level at the central wavelength of each channel. Using a sharp detection filter at the centre of the DWDM channel we would be able to reduce the linear crosstalk impact. Figure 1 reflects the theoretical power spectrum (log scale) for 5 wavelengths using 10 ps transform-limited square pulse signaling. The corresponding spectral separation is 100 GHz. ["/Gl&)m = 0
The channel spacing constrain arises from the mathematical orthogonality concept. Two functions are said to be orthogonal if they meet (1). Considering evenly spaced wavelengths around an arbitrary central wavelength 4. i.e. 
Feasibllity demonstration
In order to verify the proposed technique, we performed experiments using orthogonal multiplexing of 3 WDM channels with 9 ps square pulses signaling. The set-up is shown in Figure 2 . This line signaling may be scale up to 100 GbVs if 10 OTDM channels were aggregated per wavelength, because the low IS1 due to the sharp edges of the square pulses used. In our set-up the repetition rate was 10 GHz. 4 ps Gaussian pulses at 10 ps bit slot. Figure 4 shows the measured BER. The supercontinuum . generation leads to the strong coherency between the WDM channels. The strong wavelength overlap leads to high sensitivity of the measurements on external conditions influencing the optical phase evolution in the three arms of the set-up, as temperature or vibration. Figure 4 shows two measurements with a 30 minutes diierence. BER was integrated on 50s to avoid spurious results. Moreover, a BER error floor below le-9 BER which is due to the spectrum shape divergence with the theoretical Sinc shape and also because of the detection system sensitivity was limited. The crosstalk induced power penalty is sharply reduced over the conventional Gaussian RZ modulation.
Conclusions
A novel orthogonal multiplexing of WQM channels to increase the spectral efficiency and to reduce wavelength interaction and linear crosstalk is proposed and experimentally validated. The proposed orthogonal multiplexing requires a precise Sincfunction spectral shape (square temporal shapes) which can be obtained by SSFBG technology. ' The orthogonal multiplexing is theoretically estimated to provide maximum specb-al efficiency of 1 bitlslHz and the feasibility is demonstrated.
